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Abstract  
Digital preservation is a challenging topic. Its exponential increasing in the last decade has gone faster than the advance 
on standards and tools to manage it. The cost of digital preservation is still a non-developed matter. Thus, the objective of 
this paper is to apply a cost accounting methodology to design a model applicable to digital preservation. We contribute to 
knowledge in a double sense: by the application of a cost accounting design methodology to a high-tech activity, and by 
the design of a proposal of cost model to calculate the cost of digital preservation 
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1. Introduction 
The existence and maintenance of digital electronic format for electronic health records (EHR) affect 
different processes, where hospital management, clinical research and teaching, confidentiality of data, 
optimization of human resources or the creation of new job profiles, among others, are involved. Therefore, 
the World Health Organization (WHO) recommends the use of EHR and considers it critical to determine 
both, how long medical records should be retained and minimum data to be kept (WHO [1]). Healthcare 
organizations that manage EHR will have to assume long-term digital preservation to avoid risks, e.g. not 
having a patient’s data due to technological reasons, such as the obsolescence of the format or media.
Digital preservation (DP) must ensure that current and prior analogical or digital information is accessible, 
in an informational sense, in the future, by all means. To guarantee this accessibility, different processes have 
to be performed. These processes must consider the integrity of the data as well as the surveillance of 
technology, to avoid the possible obsolescence of the format or the support. As a consequence, DP includes 
data warehousing. 
Thus, for any kind of organization it is important to know how much the DP of their information will 
represent, in economic terms. Any entity that has data, has to not only consider the cost of DP, but must also 
considerer the cost of losing information. This last cost is usually very high and difficult to calculate, 
depending on data type, as Smith [2] assess, and the possible use of this cost. 
Hospitals are not indifferent to this question as of the high value of the health information. Considering the 
nature of health information as a public good, suggested by Scott [3], several strategies and policy options at 
different levels can be taken into account. In this sense, there are social considerations, legal implications and 
economic issues in DP of health information. Special attention is required on economic implications related to 
EHR DP, because, in most cases, healthcare entities will have to preserve their own EHR for a long time, as 
Corn [4] states. The definition of cost models to predict the economic implications of DP is a field of research 
in its infancy (Walters et al. [5]). The aim of this paper is to provide a methodology for the cost analysis in 
DP. Our contribution to the field is that we apply an accounting information system methodology on DP. It 
can be said that we apply the methodology of one of the most traditional information systems, accounting, to 
one of the newest information systems, DP. 
The remainder of this paper is divided into four sections. In the literature review we examine previous 
academic contributions. We follow with the product and productive process definition which are the bases for 
our cost model proposal, presented in part four. In the last section, we conclude by discussing our 
contribution, limitations and future research. 
2. Literature review 
Literature review has focused on the minimum requirements for maintaining long-term digital information, 
the effects of technological evolution on a unit of data, and the development of DP models. 
Greenstein and Marcum [6] point out that it is possible to find guides on the proposed minimum standards 
for archival repositories in the case of scholar publications. These repositories are based on the OAIS model, 
the most extended model of DP. For healthcare systems, the definition of minimum standards is more 
complicated, given the complexity, heterogeneity and required security of data. One of the minimum 
requirements to retain data in a medical record is the demographic data. Gale and Gale [7] find that this is 
reflected in medical image filing systems such as Picture Archiving and Communication System (PACS). 
This format has to be enough to guarantee patient data integrity. But on an EHR management information 
system, minimums should also include data recovery on a long-term base. 
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Data digital images in DICOM format and other types of data for medical tests have to be preserved in an 
EHR system. For medical image, Heydegger [8] proposes the use of a robust indicator to decide the 
appropriateness of a concrete format and to decide whether it is the best format to preserve long-term 
graphical information or not. 
System structures can be diverse. The proposal of a Hierarchical Storage System (HSM) is based on open 
software. Rajecki et al. [9] recommend this proposal because it ensures the future support of a system without 
depending on proprietary software. As Zuniga et al. [10] suggest, this option can only be applicable when the 
system fulfils ISO standards related to the architecture of EHR systems, ISO/TC-215. 
If we consider technological change, it is important to underline that any new system, built over another, 
must be able to support HL7 protocol to ensure interoperability of data in different information systems, as 
Gallego-Perez et al. [11] assess. Preservation models in healthcare have been widely used in the PACS, but 
there are no international standard models or strategies to curate health related long-term data (Scott [3]). 
However, there are some initiatives described by CCSDS [12], focused on DP, as the OAIS model, that can be 
considered as an approximation to standards. 
Before starting the DP process of an information unit, Becker et al. [14] recommend to carry out a 
systematic approach to evaluate potential alternatives for preservation actions in a controlled environment. To 
this end, a quantitative assessment relying on an accepted cost model, such as LIFE2, presented by Ayris et al. 
[14] can be used. This model may be applicable to a medical environment, taking into account specific 
aspects, such as security and privacy of personal data. 
To establishing DP cost is not an easy task. There have been several projects to calculate that cost but, as 
Walters and Skinner [5] emphasize, besides the intrinsic problematic of cost modelling, the wide number of 
elements to be considered in a newest and continually developing area as DP, make cost calculation a 
complex and never-ended task. Some of these projects are: Blue Ribbon Task Force on Sustainable DP and 
Access, in the U.S.; the National Digital Information Infrastructure and Preservation Program (NDIIPP), by 
the Library of the U.S. Congress; the LIFE model, developed by University College London and the British 
Library, and focused on cost estimation of the acquisition or creation of digital collections. Most of these 
projects are cost tool predictions around libraries, archives, or institutional repositories with scholar 
publications. These kinds of tools however are not focused on health record systems. For this field, Gunter 
and Terry [15] point out the difficulties to calculate costs, due to legal issues or other reasons, such as the 
acceptance that EHR systems are dependent on proprietary software or hardware. 
3. Product definition and productive process 
Following Tabrizi and Walleigh [16], the topics product definition and productive process analysis are the 
key phases for the design of a cost model. Accounting theory shows us that there is no easy and unique 
solution for tangible products and even less for intangible outputs, as Haney [17] and Berechman and 
Giuliano [18] assert. As we are in the management accounting arena, the final result of the definition process 
can be significantly different from one organization to another (Drury [19]; Horngren et al. [20]; Storey [21]).  
We understand product definition as the complete description of the output of a process according to 
Curran et al. [22] and Bourke [23]. Any process can be a sole or a multiple product processes. The deep 
analysis of what we want to obtain, what our objective is, after allocating a set of human and material 
resources working together, is going to give us the answer to product definition. 
Closely linked to product definition, productive process analysis will be the necessary tool to determine 
what the organization is doing and how it is doing. Porter [24, 25] describes the value chain as the set of 
activities within and around the organization that defines the processes it carries out. The description of these 
processes is proposed considering the competitive strength and the value that each activity adds to the 
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organization. We are going to assume this perspective for the analysis of the phases of the productive process, 
within an organization. We use this perspective because we intend to define a cost model, as general as a cost 
model can be. We are not considering whether DP process is the main process of an organization or collateral 
part of it. Thus, we want to define a cost model, applicable both to a healthcare organization, if the 
organization digitally preserves information by itself or to a company where DP of others’ information is its 
main activity. Another additional question should be pointed out: we are considering an ongoing organization, 
not the creation of it. 
3.1. Product definition 
We can define the product as a piece of medical information, in digital format, ready to be used in a long 
term range. The pieces of medical information can be grouped in sets, with similar characteristics and 
identical process to be done.   
As the objective of the cost calculation proposed in this paper focuses only on medical information, we 
consider the four digital formats more extensively used in the health field. These four digital formats or 
products are (Table 1):  
Table 1. Digital formats of medical information. 
Digital format Source format Unit of measure 
PDF Text Space KB 
WAV Audio Space KB 
MPEG Audio + Image Space KB 
DICOM Image Space KB 
3.2. Productive process  
As a consequence of product characteristics, we can infer the productive process that will allow us to 
obtain our productive object, the final product. It is important to underline that we are defining the productive 
process, not other activities, such as commercial or administration activities. These kinds of costs are those 
that have to be incorporated at the end of the cost process analysis, not at the beginning, where the aim has to 
be clearly focused on the cost of producing the product. 
Before presenting the process, it is necessary to make a decision about what Oltmans [26] considers the 
core task in DP: migration or emulation. These two alternative perspectives are exclusive for one given piece 
of information but can exist side by side in an organization. The decision can be made at two levels: 
• At a piece-of-information or set-of-information level. In this case, for each piece/set of information, in the 
entrance stage, the person responsible for the task and the owner of the piece/set of information have to 
decide which process is going to be applied 
• At an organizational level. The organization has its own preservation policy and all information is 
processed in the same way  
Oltmans [26] finds that the two mentioned perspectives, migration and emulation, have relevant strengths 
and weaknesses. In this paper, we have decided to work with migration, besides the specific approach of the 
paper on health digital objects, because migration can be considered as a usual process in the daily use of 
digital information. It can be said that the organization is “independent”. On the other hand, emulation has to 
be continuously developed, needs a constant activity on research and development, provoking dependence on 
internal/external development of the necessary software. It can be said that the organization is “dependent”. 
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We can describe the following phases into the process (Figure 1): 
Entrance (not repetitive) 
1. Reception: This phase consists in the entrance and review of the medical information and the definition 
of the processes to be followed. 
2. Digitization. The conversion process is applicable to both paper and analogically-supported information.  
3. Digitization control. Both, digitally-born information and digitally-transformed information have to be 
submitted to digitization quality control.  
4. Ingest. The new digital information is incorporated into the archival storage. 
Preservation (repetitive) 
5. Storage and custody (data warehousing). Responsibility for keeping information in good conditions and 
adequately managed is assumed in a continuous process. 
6. Audit. Periodical assessment of software and hardware, focused on the evaluation of the obsolescence 
risk. Expiration date should be controlled. 
7. Migration. Process of updating stored information into a newest format or to a new support, to guarantee 
informational accessibility over time. 
Access (not repetitive) 
8. Retrieval and access. Is the answer to a request for a specific piece of information, by recovering a copy 
of it. The information is still stored and kept till the expiration date. 
Exit (not repetitive) 
9. Destruction. On the expiration date, the information should disappear. 
Fig. 1. Description of the productive process for digital preservation of health information 
Entrance 
1. Reception 
2. Digitization 
3. Digit.control 
4. Ingest 
5. Storage 
and custody 
6. Audit 
Expiration 
date? 
Yes
No
Migration?
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No
7. 
Migration 
Exit 
9. Destruction
Access 
8. Retrieval 
and access 
Preservation
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3.3. Cost elements 
Generally, in cost accounting, the cost elements are raw material, direct labour and overheads. Given the 
specific arena on which we develop our paper, we do not use the classical conception of raw material. Health 
care organizations preserve medical information, generated after medical tests, and patients are the real 
owners of the information to be preserved. Thus, in a strict sense, we do not have raw material in the DP 
process and the cost elements we work with are direct labour and overheads. However, going beyond the 
objective of this paper, if we take into account and assess the risk of losing or spoiling original initial 
information, we can consider this assessment as the raw material “consumed” in the process. 
Direct labour is the labour directly applied to the product. Given that the preservation process should be a 
high-tech and repetitive process, we will find direct labour, as understood in cost accounting, in the non 
repetitive processes. 
Overheads or indirect costs are, in this case, the second cost element. We propose the overhead accounting 
process through sections, generally accepted as the basic structure for these indirect costs. It is clear that 
depreciation is going to have a high weight in the total amount of overheads. Indirect labour costs, due to the 
specialization required, will be high and stable. As a consequence, fixed costs are going to be high. The 
application of International Financial Reporting Standards (IFRS) lead us to consider the allocation of fixed 
production overheads based on the normal capacity of the production facilities, following IAS2, par.13 [27]. 
Table 2 resumes the allocation process. From this total primary allocation, the recalculation of the fixed 
indirect cost based on the real activity of the period, has to be done. Section definition, proposal of allocation 
criteria and proposal of activity units for the sections are made on generic bases and have to be adapted to 
each organization. 
In our generic proposal we consider as principal sections the following productive ones: Reception; 
Digitization; Digitization control; Ingest; Storage and custody; Audit; Migration; Retrieval and access; and 
Destruction. Meanwhile, Maintenance and Energy are auxiliary sections, which will move their cost to the 
primary sections, through the secondary allocation process. 
4. Cost model 
The analysis of the product definition, the productive process and the cost elements for DP of EHR lead us 
to propose a hybrid cost accumulation model disaggregated in four components, with different cycle life. 
¦
=
+++=
n
i
CEXCACCPRECENCost
1
                   (1)
being CEN the cost of the entrance phase; CPRE the cost of the preservation phase in a period (month); 
CAC the cost of retrieval and access to specific information; and CEX the cost of the exit phase 
CEN is the cost of the entrance. It is calculated based on a job order cost system. The starting point of a job 
order is a set of EHR that needs to be preserved. Each job order can be composed by different kinds of records 
of different patients. The codification of the entity origin of the information, the entrance date, the patient 
code and the kind of file should be kept as key codes. CEN is going to be calculated in the entrance moment 
and for each job order. The CEN of a job order is the result of accumulate the labour cost directly assigned to 
the order plus the indirect cost that has been gather in the sections linked to the entrance. To assign the cost of 
the sections to each order we use the activity unit of each one of the sections involved. The cost object is the 
set of EHR that enter the system. This is the adequate accumulation level at this phase.  
CPRE is the cost of the preservation phase, calculated based on a process cost system. Pieces of medical 
information, each one with their own specific pattern, are the objective of the process. We propose a monthly 
calculation of the cost by accumulation of consumptions to each of the sections involved in this phase. 
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Dividing the total consumption of the period for each section by the number of homogeneous pieces of 
information preserved in the period, we will get the unit cost. Adding the unit cost of each section of the 
preservation phase, we will get the unit cost of the complete phase.  
CAC is the cost of the retrieval and access phase. It is the result of a request. Thus, job order cost system is 
the adequate cost calculation method. The cost object is the piece or set of pieces of medical information 
required. In a conceptual sense, this phase is the core process that gives sense to DP. To calculate the CAC, 
we are going to accumulate the direct labour cost and the corresponding proportion of the respective cost 
section, using for this task the activity unit of the sections.  
CEX is the cost of the exit by expiration. As for the entrance phase, its cost is calculated based on job 
orders. CEX is going to be calculated in the exit moment and for each job order. A job order for the exit phase 
is a set of pieces of information with the same expiration date. Thus, the cost object is the piece of medical 
information that expires, grouped in a job order, created in the audit process. The CEX of a job order is the 
result of the accumulation of the labour cost directly assigned to the order plus the indirect cost gathers in the 
sections linked to the exit. As in other phases, to assign the cost of the sections to each order we use the 
activity unit of the sections.  
Table 2. Sections: Allocation process. 
Sections
Concept 
Allocation  
Criteria 
Variable/ 
Fixed costs 
Reception Digitization Digitization 
control 
Ingest …….
Auxiliary materials 1 Number of orders V     …….
Auxiliary materials 2 Units of material V     …….
......       …….
Indirect labour Group 1 Man hours F     …….
Indirect labour Group 2 Man hours F     …….
....       …….
Utilities Machine hours V     …….
Other consumptions ..... V     …….
....       …….
Depreciation of the building Square meters  F     …….
Depreciation of software Time F     …….
Depreciation of hardware Time F     …….
Depreciation of other devices ..... F     …….
....       …….
Total primary allocation       …….
Activity units   Num. of new 
orders NHPI (1) NHC (2) NHPI(1) …….
(1) Number of homogeneous pieces of information, considering the establishment of equivalence criteria (e.g. 25 PDF § 10 WAV § 3 
MPEG § 1 DICOM) (2) Number of homogeneous Controls, considering the establishment of equivalence criteria (e.g. Digital 
information born through previous section, 1 control; Information born digital outside our process, 3 controls) 
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5. Conclusions 
In this paper, we have applied a cost accounting methodology to design a model applicable to DP. We 
begin with the delimitation and definition of the “product”, to continue with the analysis of the process. Based 
on this analysis, the proposal of accounting sections is carried out. The cost of each section in a period is 
calculated after the allocation process. For this purpose, we use an allocation criterion for each consumption 
concept. Our proposal is designed to consider both auxiliary sections and fixed cost assignment based on 
activity level. For each section, we propose an activity unit that is the key for the indirect cost assignment. 
The model designed is a hybrid cost accounting model, which uses job orders for the entrance, access and exit 
phases. The repetitive preservation phase is accumulated using the process accounting model. 
All proposed file formats are not unique in a healthcare environment, but we have chosen them because 
they are the most common. To enhance our methodology it is desirable to work with standard formats instead 
of proprietary formats that may hinder the use of our proposal in terms of custody and migration processes. 
Depending on legislation, and in accordance to the legal requirements in different countries, the destruction 
process may or may not be carried out. 
As is aforementioned, we apply a cost model to the DP process in the health care field, with specific, 
concrete and limited kind of digital formats to be preserved. This can represent a limitation to this paper. If we 
considerer that the design of cost accounting models is individual, developed for an entity and not necessarily 
valid for others, we may assess this question in another light. After an empirical test of our proposal, other 
designs for other entities can be developed. 
We extend previous research on DP incorporating a cost model for this activity. Our contribution is the 
design of a cost calculation tool that, besides its own implications, will offer information for managers on the 
decision-making process. We believe that this should be the approach for the future. As Oltmans [26] affirms, 
cost of DP needs more research, both theoretical and empirical. His assessment is fully updated. 
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